The chains which are formed when rod-shaped Gram-positive bacteria are grown in media containing low concentrations of magnesium, undergo fission when exposed to the action of lysozyme. This effect is not produced by various other hydrolytic enzymes including the carbohydrases, cellulase and hyaluronidase. Fragmentation of the filamentous forms of the Gram-positive organisms, however, is not produced by lysozyme.
The growth of Gram-positive rod-shaped bacteria in complex media (peptone water or amino-acid mixtures) deficient in magnesium, results in the inhibition of cell division and in the formation of filamentous cells (Webb, 1948a (Webb, , 1949 (Webb, , 1951 . Since magnesium deficiency does not affect the division of the nuclear structures (chromatinic bodies) and, with increasing concentrations of magnesium, the morphology of the cells changes from filaments to chains and thence to isolated normal rods (Webb, 1949) , it appears probable that magnesium is involved in one of the final stages of cell division.
From these considerations it was of interest to determine whether, by the action of hydrolytic enzymes of known specificity, it was possible to cause fragmentation of the filaments or the chains. Since little was known of the chemical nature of the cellular components affected by magnesium deficiency, a study was made of the action of various groups of enzymes, each of which exhibited hydrolytic activity against particular macromolecular constituents of the cells.
MATERIALS AND METHODS

Source of enzymes
The enzymes used in the following experiments are summarized below. The pH value at which the action of a given enzyme was studied and its concentration (mg./5 ml.) in a mixture of 0.85 yo (w/v) sodium chloride (4-0 ml.) and 0.2 M acetate, phosphate or veronal buffer (1.0 ml.) are given in parentheses.
Ribonuclease (pH 7.0,O.l mg.) was isolated from beef pancreas by the method of Kunitz (1940). It was free from phosphatase, nucleotidase, lipase, proteinase, adenine and guanine deaminase and deoxyribonuclease activities.
Deoxyribonuclease (pH 7-0,O.l mg. and 0.1 mg. MgSO, .7H,O to activate) was obtained from beef pancreas by McCarty's (1946) method, and purified as described by Overend & Webb (1950). The preparation, dried from the frozen Preparation of the cells Filaments of Cl. welchii, Cl. tertium, Cl. septicum, Bacillus mycoides, B. vulgatus and B. subtilis var. viscosus were .obtained when the organisms were separately cultivated in a magnesium-deficient Evans's peptone (2 yo w/v) + glucose (0.2 yo w/v) +water medium (Webb, 1948a) a t 37". Filamentous forms of Lactobacillus casei and Lb. delbrueclcii were produced by the growth of the lactobacilli in the magnesium-deficient chemically-defined medium previously described (Webb, 1951) . Cell populations composed mainly of chains were obtained when the magnesium concentration in the above media was increased to 4-6 p.p.m.
The cultures ( c . 30 ml.) of the filaments or chains were centrifuged after 16-18 hr. incubation a t 37O, and the cells then washed three times with 0-85 % (w/v) sodium chloride. Suspensions of cells in distilled water were divided into two fractions, one of which was killed at 80' by the 'flash sterilization' method M . Webb of Dubos & MacLeod (1938) . The second fraction was used for short-term experiments without inactivation. The chains of Cl. welchii, Cl. tertium and B. subtilis var. viscosus when stained by the appropriate methods were found to be surrounded by large clearly defined capsules. However, it was apparent that the individual cells in the chains were not held together by the capsular material, since it was possible to remove the latter with 5 % (w/v) aqueous sodium cholate at 60" without affecting the morphology of the chains.
The action of hydrolytic enzymes on the cells A measured amount of a given cell preparation was added to the enzyme solution such that the final suspension gave a turbidity reading of approximately 0.8 ( =c.150-200 ,ug. dry weight/ml.) on the scale of the Spekker photo-electric absorptiometer. Changes in the morphology of the cells were determined from stained smears prepared initially and after 1, 2, 4, 18 and 48 hr. at 37". Toluene (0.1 ml.) was added to the suspensions as a preservative after 4 hr.
RESULTS
Deoxyribonuclease, prostatic and intestinal phosphatases, lipase, pepsin, hyaluronidase and cellulase were without observable effect upon the morphology of either filaments or chains of the bacilli, clostridia and lactobacilli. These cells became thinner and Gram-negative on incubation with ribonuclease, owing to the loss of the ribonucleic acid of the Gram complex, but they retained their initial form. A short (i.e. up to 4 hr.) exposure of filaments or chains to the action of trypsin resulted in no observable change in morphology. Over longer periods of time (18-48 hr.), the cells became Gram-negative as a result of the action of the ribonuclease contaminant in the trypsin preparation and were then digested by the proteolytic enzyme (cf. Jones, Stacey & Webb, 1949). Thus, in these experiments, a marked decrease in the opacity of the cell suspension was observed after 24 hr., whilst the examination of stained smears revealed the presence of much amorphous Gram-negative debris.
The clostridia and lactobacilli were relatively resistant to the lytic action of lysozyme in as much as no significant clearing of the cell suspensions occurred in 24 hr. a t 37". However, the chains of these organisms were rapidly broken by lysozyme since stained smears, prepared from the cell suspensions after 2 hr. contact with the enzyme, showed isolated normal rods with only occasional chains (Pl. 1, figs. 1, 2) . In contrast, lysozyme had no effect upon the appearance of the filamentous clostridia and lactobacilli even after prolonged (48 hr.) incubation although, at the end of this period, the cells were Gram-negative (cf. Webb, 1948 b) . B. subtilis var. viscosus cells after 2 hr. contact with lysozyme were considerably swollen and had a poor affinity for the Gram counterstain (carbol fuchsin). At the end of this period, however, the chain forms of the organism were broken with the formation of single, isolated rods (Pl. 1, figs.  3, 4) . The appearance of the filamentous cells was unaffected by the enzyme. Similar results were obtained with the suspensions of B. mycoides, although, in this case, marked lysis of the cells occurred (Pl. 1, figs. 5, 6 ). Both the filamentous and chain forms of B. vulgatus were lysed completely by lysozyme.
The action of an intracellular enzyme preparation from Clostridium welchii on the chains and Jilamentous forms of Clostridium welchii
The cells from 300 ml. of a 15 hr. culture of Cl. welchii in 2 yo (w/v) Evans's peptone water containing 0.2 yo (w/v) glucose, was collected (centrifuge) and washed three times with 0.85 % (w/v) sodium chloride. A thick suspension of the cells was then shaken with glass beads in a Mickle tissue disintegrator (Mickle, 1948) . When it was apparent from stained smears that the cells were 90-95 yo disintegrated, the suspension was diluted with 0.85 % (w/v) sodium chloride (50 ml.) and centrifuged for 1 hr. at 6000 r.p.m. The clear supernatant was decanted and buffered at pH 7.0.
Samples of this cell-free preparation were added to suspensions of both the chain and filamentous forms of Cl. welchii a t 37". Stained smears were prepared from each suspension after 8 hr. Although the presence of the enzymes of the autolytic system (cf. Jones et al. 1949) in the extract from the mechanically disintegrated cells caused some lysis of the cell suspensions, it was seen from the smears that the extract also contained an enzyme with some properties similar to those of lysozyme. Thus, after 8 hr. incubation with the extract, only single isolated rods were observed in the smears prepared from the suspensions which initially contained chains. The filaments, however, were lysed slowly by the intracellular .enzyme preparation, and fragmentation of these cells was not detected.
DISCUSSION
The fact that the action of lysozyme on the chain-forms of Gram-positive lactobacilli, bacilli and clostridia results in the liberatidn of the constituent cells, suggests that the latter are held together in the chains by a mucopolysaccharide-like material. This material is not the abundant capsular substance formed by the cells when grown in magnesium-deficient media, since the capsular polysaccharide may be removed by extraction with 5 Yo (w/v) sodium cholate solution without affecting the structure of the chains.
The separation of isolated normal rods as a result of the action of lysozyme on the bacterial chains indicates that the latter are composed of cells which have completed division in the sense of the splitting of the transverse cell walls (Robinow, 1945) , but which have failed to separate. It is known that lysozyme hydrolyses a polysaccharide constituent in the cell walls of susceptible bacteria (Meyer, 1946; Welshimer & Robinow, 1949) . Thus, it appears that the cell-wall material between individual cells in a given chain is in tension and breaks after a relatively short exposure to lysozyme. Alternatively, it is possible that the cell wall is destroyed completely by the action of lysozyme, and that the single swollen 'cells' observed after the action of the enzyme on the chains are isolated protoplasts. For example, Welshimer & Robinow (1949) concluded from a study of the lysis of B. megatherium by lysozyme that the cell wall is destroyed very early in the lytic process. The results of Welshimer & Robinow M . Webb (1949, e.g. their figs. 9 and 11) show that the chain forms of B. megatherium are broken by the action of lysozyme. In this case it is considered that the chains fall apart as a result of lysis of the cell wall, and the protoplasts thus liberated assume a random distribution (H. J. Welshimer, personal communication) . In support of either of these hypotheses it was observed that the action of lysozyme on the (normal) chains of Streptococcus pyogenes (Pl. 1, fig. 7) under the conditions described in the experimental section, resulted in the separation of the constituent cells (Pl. 1, fig. 8 ).
The failure of the filamentous forms of the Gram-positive bacilli to undergo fission when exposed to lysozyme is in accordance with the fact that these cells in general appear as long elements which only infrequently contain transverse cell walls (Webb, 1949) .
The presence of an enzyme, in extracts from mechanically disintegrated CZ. welchii cells, which resembles lysozyme in its action on the chain forms of CZ. welchii is of considerable interest. It remains to be established whether such an enzyme exists in other bacteria and plays any part in the processes of cell division. The fact that enzymes of the lysozyme type have been isolated from such widely different organisms as sarcinae (Meyer, Palmer, Thompson & Khorazo, 1936) and actinomyces (Krassilnikov & Koreniako, 1939) may be of some significance in this connexion.
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